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It is customary to treat patients with infective endocarditis or osteomyelitis for
a prolonged period in hospital with parenteral antibiotics. It was felt that
it might be feasible to allow parenteral administration of antibiotics by the
patients themselves at home. Results in 13 patients who administered anti-
biotics parenterally themselves (experimental group) were compared with
those in 7 patients (control group) treated entirely within the hospital. Anti-
biotic-related complications were similar in both groups. There was no in-
stance of infection of the intravenous cannula in either group. The average
daily cost of antibiotic therapy decreased from $243.22 for inpatients to $69.35
for outpatients. The average cost of illness was $6,357.22 in the experimental
group and $10,022.23 in the control group. If patients are carefully selected
and well educated, the outpatient self-administration of antibiotics parenter-
ally is both economical and safe.

ACUTE HEMATOGENOUS OSTEOMYELITIS and bac-
terial endocarditis are serious infectious diseases
for which up to six weeks of therapy with paren-
terally administered antibiotics is recommended.'-3
It is often difficult for patients or their physicians
to accept the long hospital stays and the resulting
high cost. In addition, many patients feel well
after one to two weeks of therapy and become
frustrated with a continuing requirement to re-
main in a hospital. It seemed feasible, therefore,
to discharge these patients and have them con-
tinue their parenteral antimicrobic therapy at
home with proper education and supervision.
This report describes our experience using this
procedure with 13 patients.

Methods
The clinical records of one of the authors

(DNG), an infectious diseases consultant, were
reviewed for the years 1971 through 1976. During
this time, 20 patients received parenterally given
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antibiotics for several weeks for either acute os-
teomyelitis or bacterial endocarditis. Thirteen
patients received a portion of their therapy as
outpatients and were considered the experimental
group; seven patients were treated entirely within
the hospital and were considered the control
group.

All 13 patients in the experimental group had
a serious infectious disease process requiring
parenterally given antibiotics, and the skill and
intelligence to administer antibiotics at home.
All agreed to comply with the specifications of
outpatient administration and follow-up. All
patients were in the hospital for initial diagnosis
and treatment. Diagnoses in all patients were
confirmed bacteriologically in the hospital's
microbiology laboratory. No patient was consid-
ered a candidate for the outpatient use of paren-
teral antibiotics until the infectious process had
responded clinically to treatment, and the patient
was afebrile for at least five days. Then the pa-
tient and at least one family member were in-
structed by the hospital iv Department in ( 1)
aseptic technique during antibiotic preparation
and administration, (2) adverse reactions to the
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prescribed drug, (3) complications of the intra-
venous (Iv) cannula and (4) the mechanics of
iv antibiotic administration. Before discharge
from the hospital the patients and participating
family members were required to demonstrate
their sterile technique in front of a member of the
Infectious Diseases group. Patients were required
to return to the iv Department every three days
for insertion of a new iv cannula and to obtain
fresh supplies. The patients were seen by their
attending physician (DNG) at least once a week.
Patients were instructed to return to the hospital
emergency room if any immediate problems arose.

All intravenously given antibiotics were admin-
istered through a capped heparin-lock percu-
taneous forearm iv cannula. All patients were
instructed to limit their activities during the treat-
ment period to those that could be conducted
within their residences.

Clinical and financial data were obtained from
many sources, including hospital and physicians'
medical records, records of the infectious diseases
consultant (DNG), patient interviews and the hos-
pital's business office records.

Results
Experimental Treatment Group
The bacteriologic and clinical diagnoses of the

13 patients are reviewed in Table 1. The group
consisted of five females and eight males ranging
in age from 12 to 61. In five patients the diag-
nosis was acute osteomyelitis, four cases due to
Staphylococcus aureus and one due to Escherichia
coli. In six patients the diagnosis was chronic
osteomyelitis, five due to S. aureus and one due
to Citrobacter species. The five chronic osteo-
myelitis patients were treated aggressively with a
combination of surgical debridement and anti-

biotics for localized disease with sequestra. One
patient was treated for S. aureus bacteremia and
the last patient had Staphylococcus epidermidis
endocarditis.
The outpatient antibiotic treatment regimens

and complications are summarized in Table 2. As
shown, a variety of antimicrobials were admin-
istered. In two patients, the development of
hemorrhagic cystitis necessitated a change from
methicillin to cephalothin. There was considera-
ble variability in the duration of hospital treat-
ment before beginning supervised outpatient drug
use. However, the mean number of inpatient
treatment days was 22. The duration of outpatient
antibiotic administration ranged from 2 to 32
days with a mean of 21 days. Therefore, on the
average, the duration of inpatient treatment and
outpatient treatment was equivalent.

Four antibiotic-related complications occurred
during the outpatient drug treatment (Table 2).
In two patients methicillin hemorrhagic cystitis
developed (reported in detail elsewhere).4 In one
patient treated with gentamicin, evidence of ves-
tibular damage developed despite normal peak
serum concentrations. One patient had complaint
of diaphoresis and chills after each dose of peni-
cillin G. It is of interest that two additional anti-
biotic-related complications occurred during treat-
ment in hospital. In case 2 neutropenia developed,
believed due to nafcillin. In case 8 a symptom
complex of headache, myalgia, paresthesias and
eosinophilia developed, attributed to cephalothin.
Therefore, in the entire group there were two
antibiotic adverse reactions during inpatient treat-
ment and four adverse reactions during outpatient
treatment.

All patients who suffered adverse drug reac-
tions were successfully given alternative anti-

TABLE 1.-Experimental Group: Diagnoses and Results of Therapy

Case Age/Sex Diagnosis Duration of FollowupCase Age/Sex Diagnosis and Outcome

Staphylococcus aureus acute osteomyelitis
S. aureus chronic osteomyelitis
S. aureus chronic osteomyelitis
S. aureus chronic osteomyelitis
S. aureus acute osteomyelitis
S. aureus bacteremia
Citrobacter species chronic osteomyelitis
S. aureus chronic osteomyelitis
Escherichia coli acute osteomyelitis
S. aureus chronic osteomyelitis
S. aureus acute osteomyelitis
S. aureus and several Gram-negative organisms, acute osteomyelitis
Staphylococcus epidermidis subacute bacterial endocarditis

No recurrence after 8 months
No recurrence after 28 months
Lost to follow-up
Recurrence after 4 months
No recurrence after 9 months
No recurrence after 36 months
Recurrence after 8 months
No recurrence after 12 months
No recurrence after 10 months
No recurrence after 18 months
Recurrence after 2 months
No recurrence after 17 months
No recurrence after 13 months
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biotics without incident. None of the four patients
in whom adverse drug reactions developed during
outpatient treatment required readmission to the
hospital.

For reasons other than adverse reactions, three
patients did require readmission to complete their
prescribed course of outpatient drug administra-
tion. Two patients had increasingly more frequent
iv cannula changes because of venous thrombi
and a resulting lack of superficial veins. The third
patient, a 15-year-old boy, was readmitted after
only two days because his mother found it difficult
to cope emotionally with the responsibility of out-
patient antibiotic administration. The remaining
ten patients had no major difficulties in preparing
and administering antibiotics at home. Despite the
recommendation that cannulas be replaced every
three days, cannula replacement varied from once
a day to every five days. Despite this variability,
there no cannula site infections.57 None of the
patients complained about having to return fre-
quently for cannula replacement; they accepted
this inconvenience in order to remain outside the
hospital.

Control Treatment Group
The bacteriologic and clinical diagnoses of the

seven control patients are reviewed in Table 3.

The group consisted of four males and three
females with ages ranging from 12 to 72. All
patients had osteomyelitis, four due to S. aureus,
two due to Pseudomonas aeruginosa and one due
to Serratia marcescens.

For a variety of reasons, none of these patients
was a candidate for parenteral antibiotic therapy
at home. Two patients had impaired mental facul-
ties, four patients were severely immobilized by
their other orthopedic therapy (for example, bi-
lateral long leg casts in traction) and one patient
could not speak English. Furthermore, three of
the seven patients were receiving Medicare medi-
cal benefits in the hospital, but Medicare denied
reimbursement for the same drugs self-admin-
istered as outpatients.

Three patients received a combination of genta-
micin and carbenicillin therapy. Two patients were
given methicillin, and cephalothin was prescribed
for one patient. In one patient receiving cephalo-
thin a skin exanthem developed, in a second pa-
tient receiving cephalothin there was a profound
neutropenia, and in a third patient methicillin
hemorrhagic cystitis developed.4

Cost of Parenteral Antibiotics
Cost factors for the inpatient and outpatient

use of antibiotics were identified. For patients

TABLE 2.-Outpatient Antibiotic Treatment: Duration and Complications

Antibiotic Days of Treatment
Case Dose/Day, Route Inpatient Outpatient Complications

1... Methicillin, 12 grams IV; then cephalothin, 12 grams IV 28 19 Hemorrhagic cystitis
2... Nafcillin, 12 grams IV 41 2 None
3... Penicillin G, 12 milU IV 15 6 None
4... Cefazolin, 6 grams IV 15 8 None
5... Methicillin, 12 grams IV; then cephalothin, 12 grams IV 14 32 Hemorrhagic cystitis
6... Vancomycin, 2 grams IV 25 11 None
7... Gentamicin, 180 mg IM 9 30 Vestibular damage
8... Cephalothin, 12 grams IV 16 16 None
9... Cephalothin, 12 grams IV 27 21 None
10... Penicillin G, 1.2 mil U IV 21 28 Post-infusion chills, diaphoresis
11.. Methicillin, 18 grams IV 11 29 None
12... Ampicillin, 12gramsIV 39 6 None
13... Cephalothin, 12 grams IV 21 21 None

IM - intramuscular IV - intravenous

TABLE 3.-Control Group: Diagnoses and Results of Therapy

Case Age/Sex Diagnosis Results of Therapy

Pseudomonas aeruginosa osteomyelitis
Serratia marcescens osteomyelitis
Staphylococcus aureus osteomyelitis
S. aureus osteomyelitis
S. aureus osteomyelitis
P. aeruginosa osteomyelitis
S. aureus osteomyelitis

No recurrence after 48 months
Recurrence after 10 months
No recurrence after 36 months
No recurrence after 26 months
No recurrence after 18 months
No recurrence after 12 months
No recurrence after 24 months
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TABLE 4. Results of Cost Analysis in Experimental
and Control Patients

Experimental Group Control Group
Inpatient Outpatient All Inpatient

Average cost
per day ......... $234.22 $69.35 $229.70

Average cost
of illness ........ $6,357.52 $10,022.23

in hospital, daily costs were accrued for the
hospital room, the antibiotic, iv tubing, dextrose
solution, heparin flushes, the nurse administration
fee and a daily physician's fee. For outpatients,
daily cost factors included the cost of the drug,
heparin flushes and other supplies for iv drug use.
A weekly physician fee was used in calculation of
outpatient costs. All costs were calculated on the
basis of 1977 prices.
The results of the cost analysis are shown in

Table 4. The average inpatient cost per day was
similar for both the experimental and control
groups. As anticipated, there was a dramatic
reduction from $234.22 to $69.35 in the average
daily cost when the drugs were given out of the
hospital. For inpatients, the components of the
total daily cost were as follows: room charge,
50 percent; antibiotic cost, 19 percent; dextrose
solution and heparin flush costs, 24 percent;
physician fee, 5 percent, and iv nurse administra-
tion fee 2 percent. Therefore, the major savings
were in room costs, and to a much lesser degree
in physician's fees. Comparing the average cost
of illness for the two groups, an average saving
of $3,700 per patient was achieved.

Discussion
The results of our experience support the

feasibility of allowing patients to self-administer
parenteral antibiotics with family assistance,
thereby achieving easily measurable savings in
expenses. Our major concern was, and continues
to be, the potential hazards of such a program.5-7
Our experience suggests that outpatient parenteral
antibiotic self-administration is no more dan-
gerous, and no less efficacious, than inpatient
nurse-administered parenteral antibiotics-pro-
vided patient selection and education are appro-
priate. Six adverse antibiotic reactions occurred
in the 13 patients of the experimental group. Two
complications occurred during inpatient antibiotic
administration and four occurred during out-
patient antibiotic administration. There is nothing

to suggest that treatment in hospital would have
prevented the four outpatient antibiotic compli-
cations.

Several other points deserve emphasis. No
patients required readmission because of drug
toxicity. An occasional patient was unable to com-
plete outpatient therapy because of paucity of
veins or emotional problems with needles. How-
ever, there were no instances of a technical ina-
bility to mix the drug, connect tubing or insert
needle into heparin lock. There were no instances
of air emboli. There were no life-threatening anti-
biotic reactions. We believe our success is due
largely to the extensive education program each,
patient received before leaving the hospital.

All patients were instructed to return to the
hospital promptly if any problem, regardless of
its seriousness, occurred. It is essential that good
communication be maintained among the patient,
the physician and all involved hospital depart-
ments. In our hospital letters of instruction ex-
plaining the patient's special status were sent to
the hospital pharmacy, iv Department, and Emer-
gency Department at the time of discharge.

Assuming that prolonged parenteral therapy
does result in fewer relapses and is therefore
desirable, it is likely that many patients are denied
prolonged treatment because of either the expense
or the confining nature of prolonged hospital
stays. Therefore, outpatient parenteral antibiotic
self-administration allows patients to have a more
normal life, saves money, appears to be safe and
may contribute to a better clinical result.

Unfortunately, the regulations of many health
insurance carriers provide only partial or no re-
imbursement for the cost of outpatient medica-
tion. Several smaller insurance companies have
honored such claims after the inherent dollar sav-
ings were explained. Despite extensive documen-
tation of dollar savings, to date both Medicare
and Blue Cross have not altered their regulations
regarding this special use of outpatient drugs.

REFERENCES
1. Hoeprich PD (Ed): Infectious Diseases, 2nd Ed. New York,Evanston, and London, Harper & Row, 1977, pp 999-1011, 1133-

1141
2. Braude Al: Antimicrobial drug therapy, In Smith LH (Ed.):

Major Problems in Internal Medicine, Vol VIII. Philadelphia,
WB Saunders Co., 1976, pp 178-179, 192-193

3. Paterson PY: Bacterial endocarditis, In Youmans GP, Pater-
son PY, Sommers HM: Biologic and Clinical Basis of Infectious
Diseases. Philadelphia, WB Saunders Co., 1975, pp. 661-680

4. Bracis R, Sanders CV, Gilbert DN: Methicillin hemorrhagic
cystitis. Antimicrob Agents and Chemother (In press)

5. Fredrick GR, Guze LB: Infectious complications of intra-
venous polyethylene catheters. West J Med 114:50-51, Jun 1971

6. Hoshal VL: Intravenous catheters and infection. Surg Clin
N Am 52:1407-1417, Dec 1972

7. Maki DG: Preventing infection in intravenous therapy. Hosp
Practice, pp 95-104, Apr 1976

206 MARCH 1978 * 128 * 3


